Introduction
Conservative estimates attribute 700 000 deaths to antimicrobial resistance (AMR) worldwide in 2014; 25 000 within Europe. 1 Recent projections estimate 10 million deaths per year globally by 2050. 1 Overuse and inappropriate use of antibiotics are key drivers of AMR. 2 Both healthcare professionals and the public have a role in preventing the spread of these drug-resistant infections.
Historically antibiotic awareness campaigns in the UK utilised materials such as posters and leaflets for use in GP surgeries and pharmacies and adverts in newspapers. As standalone resources, these were not effective in leading to behaviour change. [3] [4] [5] [6] In support of the UK 5-year AMR strategy and as part of activities for European Antibiotic Awareness Day (EAAD), Public Health England (PHE) developed the Antibiotic Guardian (AG) campaign to move from raising awareness to increasing engagement, knowledge and stimulating behaviour change. 7 AG is an intervention to improve knowledge and behaviours regarding antibiotic prescribing and use among both healthcare professionals and the public through an online action-based pledge system which utilises the implementation intention strategy. 8 Evidence suggests that certain prescribing behaviours within the UK have been successfully changed through behavioural science interventions, though developing sustainability remains a challenge. 5, 9 A literature review of behaviour change and antibiotic prescribing highlighted that media campaigns are more effective than medical professionals at disseminating information about antibiotics, however medical professionals are more effective at influencing behaviour change than media campaigns. 10 This illustrates the necessity for campaigns to both inform and engage the population using mixed approaches.
The objective for the first year of the campaign was to engage with 10 000 healthcare professionals and members of the public to choose a pledge on AntibioticGuardian.com by 30 November 2014 from launch in August 2014. This paper reports a process evaluation of engagement from healthcare professionals and the public in its first year.
Materials and methods

Campaign design
Activities and resources for the AG campaign were developed and run by a PHE-led multidisciplinary committee with professional representation from both animal and human health and members of the public across the UK from 26 different organizations. The initial concept, for the AG website and logo, was developed jointly by PHE; the British Society for Antimicrobial Chemotherapy provided the initial funding for the website development. Campaign materials, including the name 'Antibiotic Guardian', logo and colours, were designed and endorsed following user testing by the multidisciplinary committee. There was no dedicated budget for the development of the AG campaign.
The website was the main intervention delivery tool (www.AntibioticGuardian.com), designed as a single scrolling page featuring the call to action and a selection of pledges designed and endorsed by the multidisciplinary committee. Pledges were designed to encourage behaviour change around antibiotic prescribing, antibiotic use and stewardship, infection prevention and control, self-care and health-seeking. 8, [11] [12] [13] PHE produced a 2-min video which was aimed at the public, embedded at the top of the campaign website and hosted on YouTube. Further detail on pledge development, video and theoretical framework are in the web appendix.
Promotion
To encourage national participation in the new campaign across England, the AG campaign was launched to coincide with/ support EAAD which is held annually on 18th November. PHE in collaboration with NHS England and Department of Health sent letters to chief executives in primary and secondary care within the NHS, directors of public health, local authority health and wellbeing boards and to professional organizations.
14 Within the letter, organizations were invited to register their support for the campaign and join a national promotional network.
The organisers of Pharmacy Show, GovToday and Clinical Pharmacy Congress provided promotion of the campaign at the respective conferences (entry level stand) at no cost to PHE. The campaign was promoted via the PHE communications team through social media and traditional media press releases. All communication was further disseminated via the promotional network formed of 193 organizations including NHS trusts (n = 102), and Clinical Commissioning Groups (CCGs, n = 30). It is possible that more organizations subsequently participated but the listed organizations in the web appendix were those that registered their activities and commitment to promote the campaign by December 2014. Further details, including an example letter, are available in the web appendix.
Process evaluation methodology
Data collection
A visitor became an AG by selecting a pledge on AntibioticGuardian.com, providing personal data (name, halfpostcode, email) and selecting an option for how they had heard of the campaign. Visitors were given the option to consent for future contact regarding AG-related issues. Google analytics tracking codes were input on 8 August 2014, 2 weeks after the website was accessible online; Google analytics were set to track all data with the outcome of a visitor making a pledge. Google analytics data were analysed for all website visits and acquisition route via which a visitor arrived at the website. Data were collected between 8 August 2014 and 20 January 2015 unless otherwise specified.
The following key terms used in social media and Google analytics 15 are used in the paper as defined in Table 1 .
Outcome measures
The primary outcome of choosing a pledge was assessed by time, location (UK half-postcode or internationally by IP address), distribution by pledge groups, source of referral and acquisition. These data formed process outcome benchmarks for the first year.
Analysis
Data were analysed using Microsoft Excel, STATA v13 and Esri ArcGIS software. Office for National Statistics (ONS) reference tables were used for postcode matching to NHS boundaries; UK census data was used for mid-year population estimates by NHS boundaries in: England by NHS area teams ( Linear regression with pairwise comparisons were used to analyse rate differences between the UK regions. Odds ratios were calculated using logistic regression with the user decision to pledge as the outcome variable to determine which methods were most effective at engaging with users. Conversion rates were used to measure active engagement over time. Differences in the decision to choose a pledge were analysed by acquisition routes using logistic regression with social media as the baseline.
Ethics
As this was a service evaluation, ethics approval was not required.
Results
Campaign reach
The campaign website had 58 086 visits by 47 158 unique visitors (81.19%) in 156 different countries, of these 12 509 became AGs and at least one pledge was made in 81 countries. Google analytics reported that 95% of pledges were made in the UK, however only 85% (10 667/12 509) had submitted a valid postcode. Figure 1 Table 2 . While there was diversity between the UK-nations, these differences were not statistically significant.
The unadjusted overall conversion rate using all website traffic (n = 58 086) was 21.5%; the adjusted overall conversion rate using unique visitors (n = 47 158) was 26.5%. Seventy percent of pledges were made in November 2014. Figure 2 demonstrates changes in average weekly unique visitor conversion rates over time. During the week of EAAD (17-23 November 2014) 5146 pledges were made, this was followed by a sharp decline in activity and a plateau in the cumulative total number of AGs. Bimodal peaks in weekly conversion rates align the launch of the YouTube video (30%; week commencing 8 September) and EAAD (30%; w/c 17 November).
Methods of engagement
Of all website traffic, 60% visited on a computer and the remainder via a mobile device. Visitors on a computer were more likely to choose a pledge than those using mobile devices (OR 2.27, 95% CI 2.17-2.38, P < 0.001).
Social media provided the widest reach and ability of engaging the public as a freely available mass media tool. Given the budget limitations of the campaign, paid adverts on social media were not utilised. Using #AntibioticGuardian on twitter as an estimate of social media reach, there were 12 086 tweets with 23 312 282 Traffic: A summary term used to describe visitors (unique or repeated) accessing the website Goal: A custom specific visitor outcome/action set by the administrator within Google analytics; in this case, the outcome was a visitor clicking the submit button after completing the pledge form IP address: A unique digital signature used on the internet to identify a computer/mobile device; these can be used to distinguish geographic location and between unique and repeat visits Unique visits: The first time an IP address accesses the website, this is used as a proxy for individuals; additional visits using the same IP address are categorised as repeats; this method cannot distinguish between multiple people who may share a single device Total website visits: Every time the webpage is accessed it counts as a new visit; this method accounts for multiple/repeated visits on a single device Referral/directed: A link that directs individuals to AntibioticGuardian.com; these can be found on another website, in an email or in a social media post and do not include self-directed traffic Self-directed: When a visitor directly accesses a website via their browser through a search engine using search terms such as 'antibiotic guardian' or by typing in AntibioticGuardian.com in the browser bar; the visitor has not accessed the website from a referral link Social media channels: A summary term to describe online media sharing platforms such as twitter, Facebook, LinkedIn or Google+ Using social media referrals as a baseline for differences between acquisition routes demonstrates that people were more likely to make a pledge if they were self-directed (OR 3.04, 95% CI 2.87-3.22), through an email referral (OR 2.54, 95% CI 2.22-2.90), or through a website referral (OR 1.64 95% CI 1.51-1.78). Approximately half (52%) of all unique website visitors were self-directed, 17% were from website referrals and 2% were email referrals.
Analysis of the most commonly used website referral links, as defined by those which brought at least 100 unique visitors (range 104-529, n = 15) to AntibioticGuardian.com, demonstrates that a large proportion of these were from NHS pages or professional organization bulletins; together these common links represent 58% (3576/6207 unique visits from 456 links) of all website referral traffic.
Audience groups
The campaign engaged with target audiences amongst healthcare professionals and members of the public; 69% of AG's were healthcare professionals. The breakdown of audience groups by engagement can be found in Fig. 3 . Based on titles, the majority of AG sign ups were women (61%), 24% signed up with males titles and the remainder used the title of doctor or professor (15%).
Healthcare professionals reported hearing about the campaign from colleagues (26%), professional organizations (25%) and hospital organizations (23%); only 47% of the public reported hearing about the campaign from these sources. The public most commonly reported hearing of the campaign from social media (24%) or friends (8%); in contrast, only 12% of healthcare professionals stated that they heard of the campaign from these routes.
Discussion
Main finding of this study
The campaign met the first year goal of 10 000 AGs with heterogeneity in the spread of AGs across the UK. The campaign was primarily driven and engaged with by healthcare professionals (69%) with a majority of engagement aligning with EAAD in November 2014.
Google analytics were an integral part of this process evaluation. Critical to its use was goal setup prior to the website public launch. Google analytics illustrated that half of all website traffic was self-directed with social media the most frequent method of directing traffic.
Healthcare professionals most commonly found out about the campaign through professional networks and channels, while the public engaged via social channels highlighting the importance of maximising the use of social media to reach more members of the public. Due to the inability to link individual pledge website data to Google analytics, we cannot investigate the differences in acquisition between the segmented populations.
What is already known on this topic
Creating easy to understand content is crucial when communicating with a diverse set of audiences online. 16 There has been difficulty in presenting the issues of AMR information and potential individual actions in a way that the public and healthcare professionals can relate to and address as an immediate personal issue. 17, 18 Qualitative research on AMR messaging in the UK has indicated that part of this difficulty may lie in interpreting the terms and language used. 18 This is further complicated 
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by the difficulty of presenting AMR with positive messaging; primarily negative advertising has been used to promote the gravity of AMR during the AG campaign which can both help and hinder mass communication. 19 Previous online public health interventions aimed at changing prescribing behaviours in the UK have employed the use of both computer and mobile technology. 20 A systematic review of mobile-based health interventions by Free et al. (2013) found that a strong integration of mobile technology was highly beneficial when implementing health-based behaviour change; however, many of these interventions used SMS messages for direct personal engagement. 21 The ongoing PHE smoking cessation campaign, 'Stoptober' encouraging users to sign-up online to join a mass quit attempt, demonstrated a public health impact. 22 Using online sign ups as an outcome measure, the Stoptober website had an estimated overall unadjusted conversion rate using all website traffic of 19.9% in its first year (unpublished data).
Studies have demonstrated that public health campaigns can affect antibiotic prescribing and use behaviours when coupled with direct engagement from healthcare professionals or repeated messaging over several years. 5, 23 Campaigns using the social media framework (SMF) can be highly cost effective in the digital age but have been generally poorly evaluated. 10 Internationally, these campaigns have demonstrated mixed results for delivering sustained e44 JOURNAL OF PUBLIC HEALTH change on AMR and antimicrobial prescribing. 17 Currently, AG meets four of the six SMF criteria through its use of behaviour change targeted at segmented groups, using audience research to inform development and using messaging to create attractive benefits at low personal cost. 24 There is room for improvement across all aspects of the SMF. Further development should aim toward improving communication to create attractive and motivational exchanges with AG target audiences and developing a better understanding of the competing behaviours, which would prevent individuals from committing to their pledge. Due to the reliance on social media for engaging with the public and directing traffic to the campaign website, the SMF will be used to help inform future development and evaluation decisions for the campaign. Following the SMF may also allow further comparisons of efficacy against other comparative interventions
What this study adds
This study demonstrates for the first time, measurable engagement in an AMR public health campaign. Previous campaigns within the UK such as 'Andybiotic' or EAAD activities have focused on awareness raising rather than engagement and did not utilise a social marketing strategy. [4] [5] [6] In comparison to Stoptober, AG, with an unadjusted conversion rate of 21.5% is comparable in engagement to other UK social marketing campaigns with minimal financial cost. 22 Evidence suggests that commitment to a pledge is important towards influencing behaviour change; this is improved when the individual shares this commitment publically and further when the individual is part of a collective as with both Stoptober and AG. 25 We have illustrated the impact of active and direct engagement from healthcare professionals and members of the public with a campaign aimed at changing behaviour in relation AMR.
As a new campaign in the UK, further research is required to understand the direct impact of the AG campaign on behaviour change and ultimately antibiotic use with those who made a pledge. In response to this, PHE commissioned a follow-up evaluation with individuals who pledged to become an AG and will use the findings of that study, in addition to this analysis to further inform future changes to the AG campaign. 26 
Limitations of this study
Establishing causality of the campaign on influencing changes in prescribing behaviours and antibiotic use is not possible at this time. This is in part due to multi-factorial efforts to optimise prescribing and promote prudent use of antibiotics in the UK.
Campaign promotion was biased towards healthcare professionals given the funding and communication limitations. As an online campaign, greater efforts should be made with search engine optimization techniques to ensure that the website is easily available in searches and to maximise public access. Significant support for the campaign came from NHS and professional organizations which targeted healthcare professionals. On-going promotion will utilise methods identified from the evaluation to better engage with the public within budgetary restraints.
While Google analytics is a powerful tool, matching individual pledge data to Google analytics was not possible; this limited the amount of relevant data we could extract and analyse. Visitor demographic data collected by Google analytics were not used as it was only collected on a third of page visits. Google analytics identified unique visitors by IP address. Settings where multiple people accessed the webpage from a single terminal were not accounted for; this would be the case where an information stand with a laptop or tablet may have been set up to facilitate pledging as was reported in several NHS settings.
We are unable to determine the online behaviour of direct visitors, for example visitors who first saw website mentioned on social media but visited the site via Google. While the website data included IP address, we are unable to match between datasets on this variable. Investigation into multiple sign ups from single IP addresses may provide further insight into the reasons for half the total pledges resulting from direct acquisitions. These methods cannot evaluate causality from local activities.
Conclusions
The first season of the campaign had 12 509 individuals sign up within 4 months, 70% of which were in November 2014. To extend the AG campaign throughout the cold and flu season and not plateau in engagement, will require sustained effort, funding and outreach activities from PHE and partner organizations. Strategies which encourage AGs to drive further engagement through their own networks may help to sustain the campaign beyond November and throughout the winter cold and flu season.
Future work to develop the campaign should investigate how to best engage with target audiences and embed this new initiative within both public and professional spheres. These differences should be taken into account to optimise and improve communication channels. Further exploration is required to understand the drivers for engagement locally and nationally across the UK.
Strategies should be identified to further encourage others, especially the general public, to become AGs including using other proven behaviour change methodologies in combination with the implementation intention 'if-then' plans to promote implementation of intentions. 13, 17, 27 One possible area of improvement includes clearer identification of competitive behaviours and personal 'cost' of implementing the behaviours detailed in the pledges; stronger messages relating to the immediate personal benefits of behaviour change, and not just those of future generations may be helpful in incentivising change. 17 A comparison of local prescribing to the density of AGs within a given area may provide additional insights into the effectiveness of insight to the effectiveness of this campaign. 10 Ongoing maintenance of data collection and goals within Google analytics as further website development occurs, alongside further analysis from the wealth of data will be essential to gathering relevant data.
As an 'always on' campaign aiming to build sustainable behaviour change in the UK, AG will be updated in light of the feedback and evaluation studies undertaken after the first year of the campaign and is planned to run during the 2015-16 winter season.
